The characteristic nutritional patterns were determined for seven species or varieties of the genus Bacillus. Six strains of Bacillus cereus var. anthracis grew in a complex but defined amino acid medium+thiamine. Three strains of the insect pathogen B. cereus var. thuringiensis had the same nutritional pattern as the parent species B. cereus and grew in a seven amino acid medium. Of twenty strains of B. Jimnus, ten grew on the seven amino acid medium +biotin while the growth of five other strains was markedly affected by the addition of thiamine. Two of the remaining five strains required thiamine on first isolation, but soon dispensed with it on subculture, while the other three strains continued to require thiamine. Six strains of B. lentus grew in the seven amino acid medium + biotin +thiamine + urea.
five other strains was markedly affected by the addition of thiamine. Two of the remaining five strains required thiamine on first isolation, but soon dispensed with it on subculture, while the other three strains continued to require thiamine. Six strains of B. lentus grew in the seven amino acid medium + biotin +thiamine + urea.
When the seven amino acid medium was replaced by the complex amino acid medium three of these strains of B. lentus grew without the addition of urea, and the remaining three strains required either urea or ammonium chloride. The sixteen strains of B. coagulans all grew in the complex amino acid medium +biotin + thiamine. The three strains of B. pulvifaciens grew in the seven amino acid mediurn+biotin.
The twenty-seven strains of Bacillus circulans formed a nutritionally heterogeneous group. Eight strains were maintained in serial subculture in broth but could not be grown in defined media. One strain grew in the ammonia basal medium alone, others required added biotin or added biotin +thiamine and others required amino acid media + biotin +thiamine.
In our previous survey of the nutritional requirements of mesophilic species in the genus Bacillus (Knight & Proom, 1950 ) a number of species was either not examined or difficulties were encountered in determining their exact nutritional requirements. This supplementary paper fills some of the gaps left in our previous work.
METHODS

Strains.
On isolation, or receipt from other collections, the strains were freeze-dried and deposited in the culture collection at the Wellcome Research Laboratories; in the text the reference CN refers to the Catalogue Number in this collection. Where the strain was not isolated by us the reference number of the sender is given in brackets. The strains after drying were tested for purity and identity by the methods described by Smith, Gordon & Clark (1952) and by Knight & Proom (1950) .
Nutritional requirements. The methods used were similar to those described by Knight & Proom (1950) . For a detailed description reference should be made to that publication, but for convenience the salient points are here given.
The usual precautions were taken to exclude contamination by unwanted nutrients. The starting-point of an experiment was a freeze-dried culture from the collection. At least five serial subcultures were made in defined media to exclude the possibility of carry-over of essential nutrients. At the conclusion of each experiment the final culture was checked for purity and identity. To exclude the possibility of selection of less-exacting variants the original strain from the collection was tested directly for its ability to grow on the medium finally selected as satisfactory for the given organism.
The media were dispensed in 5 ml. lots in 6 x 1 in. rimless glass tubes closed by loosely fitting aluminium caps. The cultures were incubated at the required temperature in a sloped position to give good aeration. The initial inoculum was taken from an agar slope with a small loop; subsequent inoculations were made with a small loop.
MEDIA
Ammonia basal salt medium. KH2P0 ammonium molybdate, 0.002 g. These compounds were dissolved in distilled water to 1 1. and the pH value adjusted to 7.6 with NaOH. The solution was boiled, filtered through paper and sterilized for 20 min. at 115'.
Seven amino acid medium. Ammonia basal salt medium supplemented with the following amino acids in the concentrations shown (mg./ml.) : L-asparagine, 0.4; L-proline, 0.1 ; L-leucine, 0.57; DL-alanine, 0-38 ; L-glutamic acid, 1.4; DL-serine, 0.12; DL-methionine, 0.06. The amino acid mixture was prepared separately by solution in distilled water a t 10 times these concentrations. It was filtered through paper and sterilized by Seitz filtration. It was then added aseptically to the ammonia basal salt medium to give the required concentration of amino acids.
Complex amino acid medium. Ammonia basal salt medium supplemented with the following amino acids in the concentrations shown (mg./ml.): DLalanine, 0.38; DL-aspartic acid, 0.89; L-arginine HC1, 0-3; L-cystine, 0.02; L-glutamic acid, 1.4; glycine, 0.17; L-histidine HCl, 0.24 ; DL-isoleucine, 0.76; L-leucine, 0.57; L-lysine HC1, 0.24; DL-methionhe, 0.06; L-proline, 0.11 ; DLserine, 0.12 ; DL-threonine, 0.10; L-tyrosine, 0-06; DL-valine, 0-15. The amino acid mixture was prepared separately by solution in distilled water at 10 times the required concentration, filtered through paper and sterilized by Seitz filtration. It was then added aseptically to the ammonia basal medium to give the required concentration.
RESULTS
The minimal nutritional requirements of collections of strains of the following seven species or varieties were examined : Bacillus cereus var that no growth took place without it and no other vitamin had to be added. The efficacy of possible precursors of thiamine was not examined. Adenosine or adenylic acid sometimes improved growth, but neither was essential. Strains usually grew for one or two subcultures in the complex amino acid medium without added thiamine but they could not be maintained in serial subculture. The amino acid requirements were complex; the strains would grow on the seven amino acid medium + thiamine for a few subcultures but soon died out. They would not grow a t all on the seven amino acid medium without thiamine.
Bacillus cereus var. thuringiensis
Three strains of this insect pathogen were received from Dr W. C. Haynes: CN 3624 (NRS 996); CN 3625 (NRS 1124); CN 3626 (NRS 1328). All strains grew in the seven amino acid medium, the requirement for amino acids was absolute and no other growth factors were required.
Bacillus jrmus
Twenty strains of Bacillus Jirmus were examined; of these strains fifteen were received from Dr Ruth Gordon, one from the American Type Culture Collection (ATCC) and one from the National Collection of Type Cultures (NCTC) and three were fresh isolates from soil. (1329)-required the addition of thiamine, but on serial subculture in defined medium variants were readily selected which grew in the absence of thiamine. Three other strains-CN 1654; CN 3391 (1152); CN 3387 (1147)-showed an absolute requirement for thiamine. Two of the strains-CN 3391; CN 3387-had more complex amino acid requirements and would only grow with the complex amino acid medium +biotin +thiamine.
Bacillus lentus
Six strains of Bacillus lentus were examined: two strains-CN 2788; CN 2789-were fresh isolates from soil; three strains-CN 3323 (670) ; CN 3321 (769); CN 3323 (749)-were received from Dr Ruth Gordon; and one strain-CN 2750 (165)-from Dr T. Gibson. All strains showed an absolute requirement for amino acids +thiamine +biotin. With the complex amino acid medium three strains-CN 2750; CN 2789; CN 3323-required also the addition of urea or ammonium chloride. The growth with urea was uniformly better than with ammonium chloride. All six strains required urea in the presence of the seven amino acid medium and in this medium urea could not be replaced by ammonium chloride.
Bacillus coagulans
Sixteen strains of Bacillus coagulans were examined; one strain was from the American Type Culture Collection, ATCC 7050, and the remaining strains were fresh isolates from soil. These strains formed a nutritionally homogeneous group and all grew in the complex amino acid medium+biotin+thiamine. The amino-acid requirements were complex and the complex amino acid medium could not be replaced by the seven amino acid medium.
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Bacillus pulvifaciens
Three strains of Bacillus pulvi$aciens-CN 3621 (NRS 1283); CN 3622 (NRS 1284); CN 3623 (NRS 1285)-were received from Dr W. C. Haynes.
All three strains grew in the seven amino acid medium + biotin. The requirements for amino acids and biotin were absolute and no other growth factors were required.
B a d lus cir cul ans
Twenty-seven strains of Bacillus circulans were examined ; of these strains sixteen were fresh isolates from soil, nine were from Dr T. Gibson and one strain each was received from the American Type Culture Collection and from the National Collection of Type Cultures. I n contrast to all the other collections of cultures representative of species within the genus Bacillus which we classified according to the criteria of Smith et al. (1952) (613); CN 3379 (llO)-were still more exacting in their nutrient requirements. These eight strains could be maintained in serial subculture in meat broth or in nutrient broth, they could also be maintained with some difficulty in peptone water but we were unable to grow them in defined media.
DISCUSSION
This supplementary survey of the nutrition of strains of certain species of BacilEus shows, with one exception to be discussed later, the same uniformity of nutritional patterns within species that was found in our previous work (Knight & Proom, 1950) . The six strains of €3. anthracis, including avirulent and virulent strains, all grew on a complex mixture of amino acids +thiamine; the addition of adenosine or adenylic acid sometimes improved growth but neither was essential. These results confirm the observation of Brewer et al. (1946) with the Vollum M 36 strain. The nutritional pattern of B. unthracis was therefore different from that of the parent species B. cereus; the B. unthracis strains showed a nutritional requirement satisfied by thiamine and they were more exacting in their amino acid requirements. This nutritional difference might be used as evidence to support the classification of B. anthracis as a separate species rather than as a variety of B. cereus.
In contradistinction to the animal pathogen Bacillus anthrucis, the insect pathogen B. thuringiensis had the same nutritional pattern as the parent species B. cereus and showed a requirement for amino acids only.
The twenty strains of Bacillus firmus all showed a nutritional requirement satisfied by amino acids +biotin, but they differed amongst themselves in their requirements for thiamine. According to the strain the addition of thiamine either made little difference, improved growth or was essential. These effects were not due to a missing growth factor but, it now appears, to the presence of inhibitors. Proom (1955) showed that growth inhibitory concentrations of colloidal sulphur or colloidal copper sulphide may be formed during preparation of defined media containing mixtures of amino acids. These inhibitors were responsible, for example, for the failure of cultures of Bordetella pertussis to grow in a defined amino acid medium, whereas the same strains grew in the presence of hydrolysed casein. The method of preparation of amino acid mixtures used in our previous work did not exclude the possibility of the production of these inhibitors. Some strains of Bacillus J;rmus, all strains of B. Zentus and of B. coagulans were found to be inhibited by the complex amino acid medium which had been gassed with H,S to remove traces of heavy metals and finally sterilized by autoclaving ; but these organisms were not inhibited by the complex amino acid medium prepared in the manner described in the present paper. These species (B.$rmus, B. lentus, B. couguluns) differ from others in the genus Bacillus, which are apparently not inhibited by colloidal sulphur or colloidal copper sulphide. The nutritional requirements of the three strains of Bacillus puZviJuciens examined were satisfied by the seven amino acid medium+biotin. The nutritional requirements were therefore different from those of the other species in the morphological group 2 of the genus Bacillus.
In contrast to the strains of all other species of the genus Bacillus which we have examined, the 20 strains defined as B. circulans formed a nutritionally heterogeneous group. So far we have been unable to grow 8 of these strains in defined media, although they can be maintained in serial subculture on nutrient agar or in nutrient broth. The remaining strains grew when given respectively and depending on the strain, either ammonia, ammonia + biotin, ammonia +biotin +thiamine, seven amino acid medium +biotin + thiamine, or the complex amino acid medium +biotin + thiamine. The heterogeneity of the nutritional requirements of this group of isolates is in keeping with the physiological and biochemical variations observed within the B. circulum complex as a t present defined and which has made classification and identification of members of this group the most difficult in the genus. If one is prepared to accept consistency of nutritional pattern as part of the characterization of species within the genus Bacillus, the implication is that the B. circulans complex is at present inadequately classified.
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